Abstract. Habitat loss and fragmentation have been identified as important factors in the decline of grassland bird populations. However, population declines are apparent even in prairie ecosystems that remain relatively intact suggesting that additional factors are involved. The degradation of breeding habitat may be one such factor, but few studies have examined habitatspecific demography of grassland birds, and thus little is known of how changes in breeding habitat may be related to population declines. We addressed this question by comparing reproductive success of Chestnut-collared Longspurs (Calcarius ornatus) in patches of native prairie and in monocultures of crested wheatgrass (Agropyron cristatum), a grass introduced from Asia. Using recently developed methods for estimating nest survival rate, we found that, independent of habitat type, daily nest survival generally declined from egg laying to fledging. We also found a positive effect of clutch size on nest survival rate, which we interpreted as evidence for individual heterogeneity in nest survival. Finally, we found that the odds of a nest surviving a given day were 17% lower in the exotic habitat, and that nestlings grew more slowly, and had a smaller final mass in the exotic habitat. Despite having lower reproductive success in the exotic habitat, we found no evidence that Chestnut-collared Longspurs preferred to nest in the native habitat. Our results show that the introduction and spread of a commonly planted exotic grass has adverse fitness consequences for a grassland bird, and highlight the importance of maintaining native prairie. 
INTRODUCTION
Population declines of North American grassland birds are now well documented (Knopf Manuscript received 7 September 2004; accepted 11 January 2005. 1 Present address: Ecostudies Institute, 22345 S. Poplar Rd., Estacada, 1994, Peterjohn and Sauer 1999, Vickery and Herkert 2001) , and several likely causes have been identified. The loss and fragmentation of breeding habitat has clearly played a role in the decline of some species (Johnson and Temple 1990 , Herkert 1994 , Winter and Faaborg 1999 , Winter et al. 2000 , Herkert et al. 2003 . However, most research on the causes of population declines among grassland birds has focused on tallgrass prairie, which has suffered far greater losses than other prairie ecosystems. For example, Ͻ10% of tallgrass prairie is estimated to remain (Noss et al. 1995) , whereas the mixed-and shortgrass prairies that form the core of North America's grasslands cover 60% to more than 80% of their original area (Klopatek et al. 1979, Bragg and Steuter 1995 ). Yet population declines are evident for bird species throughout the prairie region, suggesting that, in addition to habitat loss and fragmentation, other factors are involved in the decline of grassland bird populations.
Degradation of breeding habitat may be related to the decline of grassland birds, but few studies have examined habitat-specific demography, and thus little is known of how changes in breeding habitat may affect population growth rate. However, even in regions where prairie ecosystems remain relatively intact, breeding habitat for grassland birds has been extensively altered by unnatural disturbance regimes and the introduction and spread of exotic plants (Bragg and Steuter 1995, Lesica and DeLuca 1996) . Altered disturbance regimes are known to affect habitat quality for grassland birds (Kantrud 1981 , Pylypec 1991 , Madden et al. 1999 , Madden et al. 2000 , but far less is known about the effect of exotic plants on habitat quality for grassland birds (but see Pampush and Anthony 1993, Mermoz and Reboreda 1998) .
The abundance of some grassland bird species is lower in habitats dominated by exotic plants Belcher 1989, Scheiman et al. 2003) , suggesting that the spread of exotic plants into native prairie may reduce habitat quality. Yet correlations based on the presence or abundance of a species may misrepresent the suitability of habitats (Van Horne 1983 , Martin 1992a . Instead, components of fitness must be measured if we are to understand how exotic plants affect habitat quality for grassland birds. This is not a trivial question given the degree to which exotic vegetation has spread throughout the North American prairie region; for example, crested wheatgrass (Agropyron cristatum), an Asian grass introduced throughout western North American, covered an estimated six to ten million hectares within the Great Plains as of 1996 (Lesica and Deluca 1996) . This is likely an underestimate of the current extent of this species, given that crested wheatgrass continues to be planted as part of the Conservation Reserve Program (CRP), for erosion control, and to improve forage for livestock (Byers 2004) .
Here, we seek to address this information gap by providing a comparison of reproductive success for a passerine bird breeding in native prairie and exotic grassland within the mixed-grass prairie of the United States. Using recently developed methods for modeling avian nest survival (Shaffer 2004 , Peak et al. 2004 , we provide comparisons of nest success for a single common species, the Chestnut-collared Longspur (Calcarius ornatus; hereafter longspurs), in native mixed-grass prairie and monocultures of introduced crested wheatgrass. Like most of the birds of this region, population numbers of longspurs have experienced pronounced downward trends as measured by the Breeding Bird Survey (Peterjohn and Sauer 1999) . We also provide data on nestling growth rate, which typically covaries with habitat quality (Merila and Fry 1998 , McCarty and Winkler 1999 , Kunz and Ekman 2000 and is an important component of fitness in altricial birds (Gebhardt-Henrich and Richner 1998) . In addition to estimating habitat-specific reproductive success, we also evaluate habitat preferences by comparing settlement patterns and density of nesting pairs in both habitat types. Data on habitat preferences and habitatspecific vital rates are critical in understanding the link between exotic plants, habitat degradation, and the decline of grassland bird populations, and are also essential in providing land managers information on how best to manage our remaining grasslands.
METHODS STUDY AREA AND STUDY PLOTS
Our study was conducted from 2001-2002 at Medicine Lake National Wildlife Refuge (48Њ30ЈN, 104Њ17ЈW), located on the glaciated plains north of the Missouri River in eastern Montana. In 2001, we established study plots in three monocultures of crested wheatgrass and three patches of native, mixed-grass prairie. To verify expected vegetation differences among native and exotic plots, we visually estimated the percent cover of different plant species in 35 5-m radius sampling locations, randomly distributed on each plot. One study plot in each habitat was 25 ha, and the remaining two plots in each habitat were 12.5 ha. To reduce variation among plots, minimize the effect of potentially confounding variables, and to isolate the effect of habitat type on longspur reproductive success, we selected fields non-randomly based on history of disturbance (no grazing or burning within the previous three years) and uniformity of vegetation (i.e., plots in exotic habitat consisted of pure monocultures of crested wheatgrass, and plots in native habitat were free of exotic plants). Furthermore, to control for differences that arise as monocultures of crested wheatgrass age (Christian and Wilson 1999) , all of our crested wheatgrass plots were placed in fields that had been stable monocultures since they were planted in the 1940s and 1950s. Although we do not know the history of the study plots prior to 1940, all of the plots were similar in climate, landscape context, topography, soil type (Richardson and Hanson 1977) , and aspect. Thus, we believe that any differences in longspur reproductive success or habitat preference between the native and exotic plots can be reasonably ascribed to differences in the dominant plant communities. Because all of our plots were established within larger fields of the same vegetation type, each plot was buffered from other habitat types by at least 150 m. Despite the presence of the buffer, nests located on or outside the boundaries of a plot were censored from analysis.
SETTLEMENT PATTERNS
In 2002, to determine whether male longspurs exhibited a preference for either habitat, we examined settlement patterns by systematically surveying each plot for territorial males. Male longspurs began arriving at the study site on 9 April, but remained in migratory flocks for several weeks as females arrived (see also Hill and Gould 1993) . Beginning on 24 April, when migratory flocks began to disintegrate, a single observer walked slowly along flagged grid lines that covered each plot until a singing male was encountered. Male longspurs sing as part of an aerial display (Hill and Gould 1993) and are thus quite conspicuous and easily detected in the flat, open terrain of our study site. When a singing male was encountered, the observer recorded his behavior and movements (relative to the flagged grid) for 10 min. Males were assumed to be defending territories if they were observed making multiple displays within 50 m (longspurs rarely defend territories Ͼ1 ha, Hill and Gould 1993) of their original location during the 10-min observation period. We also assumed that males were defending territories if they were observed to engage in aggressive interactions (aerial fights or chases, Hill and Gould 1993) with other males during the observation period. Males that sang only once, or that left the area during the observation period, were not considered to be defending a territory. By establishing stringent criteria for determining territoriality, we also lessened the risk of counting individual males more than once during a survey period. Each plot was surveyed every three days until 12 May, at which point most birds appeared to have settled on a territory and were beginning to nest.
NESTING DENSITY AND REPRODUCTIVE SUCCESS
To examine patterns of reproductive success, we located and monitored nests throughout the 2001 and 2002 breeding seasons. We located nests using both systematic searches and behavioral observations of adult longspurs. During systematic searches, we flushed adults off of the nest by dragging a weighted rope across each plot. To minimize the chances of encountering unattended nests, which are not detected by this method, we conducted systematic searches from 10:00-14:00, a period during which nest attendance is high (JDL, unpubl. data To supplement systematic searches, we conducted nest searches using behavioral cues provided by adults. An observer spent approximately six hours per day on a single study plot searching for nests. Each plot was searched for nests twice a week from 20 May-22 July, excluding days on which systematic searches were conducted. By intensively searching plots throughout the breeding season, and by holding search effort constant between habitats, we attempted to minimize any bias in comparisons of reproductive success and nest density arising from differential sampling of nests in native and exotic habitat. Because longspurs generally make multiple nesting attempt per year (Hill and Gould 1993) , the total number of nests per unit area will tend to overestimate the density of nesting pairs on a plot. Furthermore, differences in renesting rate between habitats might confound comparisons of nesting density in native and exotic habitat. To avoid these problems, we only used data from nests believed to be the first nests of the season to estimate the density of nesting pairs. Using the phenology of nesting attempts as a guide, we assumed that all nests initiated prior to 1 June were first nests. Based on the bimodal pattern of nest initiation (Fig. 1) , the peaks of which likely reflect first and second nesting attempts, we believe this assumption is reasonable. In all other comparisons, we used data from all nesting attempts.
We marked the location of each nest with one or two small pieces of flagging placed 1-2 m from the nest cup. Flagging may or may not increase the risk of nest predation (Gotmark 1992, Hein and Hein 1996) , but was used in the same way in both habitats and thus is unlikely to bias comparisons of reproductive success. For nests found during laying, age could be determined with a high degree of certainty, as longspurs lay one egg per day, usually early in the morning (Hill and Gould 1993) . The age of nests found during incubation was estimated using candlers (Lokemoen and Koford 1996) , and nests containing nestlings were aged based on the mass, tarsus length, and feather development of the young.
To determine the fate of nests we returned every two to three days to inspect the contents except when hatching or fledging was expected, at which point we visited daily. Nests that fledged at least one young were considered successful. If the nest was empty prior to the expected fledging date, we searched the territory for adults to determine if they were feeding fledglings. Parents continue to feed and defend fledglings on the territory for several weeks after the young leave the nest (Hill and Gould 1993) ; thus, we assumed that predation had occurred if we were unable to locate adults feeding fledglings after nestlings had disappeared from the nest. Our morphological measurements of nestlings gave us a third way to assess the fate of nests. Among nestlings of known fate, no individual with a body mass of Ͻ10 g on or after day 7 of the nestling period successfully fledged; thus, we used the mass of nestlings at the last nest check to determine nest fate.
NESTLING GROWTH RATE
Nestling growth rate was measured as an additional component of reproductive success. In altricial birds, growth rate is an important component of fitness because it affects the duration of the nestling period, the probability that young survive to fledge, and future prospects for survival and reproduction (Gebhardt-Henrich and Richner 1998). Nestlings were individually marked with a felt-tipped pen as they hatched, and their mass was estimated every two days using a portable electronic balance (Acculab, Edgewood, NY). The last measurement taken prior to fledging was used as an index of mass at fledging. In 2002, we also measured the length of both tarsi and the total length of the outermost primaries (including shaft). Mass was estimated to the nearest 0.1 g and tarsus and primary feather length to the nearest 0.1 mm.
STATISTICAL ANALYSES
We estimated daily nest survival (probability that a nest survives a given day) and tested hypotheses about the causes of variation in daily nest survival using the generalized linear modeling approach of Shaffer (2004) . Logistic-exposure models were fit using PROC GENMOD (SAS Institute 1999), a binomial response distribution, and the link function defined by Shaffer (2004) . Prior to analysis, we developed a set of candidate models (Anderson and Burnham 1998 ) that reflected our assessment of likely causes of variation in nest survival. In building our set of candidate models, we included the following variables that we considered potentially important in explaining variation in nest success.
Habitat. Habitat was defined as native versus exotic grassland.
Year. We modeled year effects because annual variation in nest survival is common (Greenwood et al. 1995) , although the causes are often unknown.
Nest age. Nest survival rate can also vary as a function of nest age (Ricklefs 1969) . Predators may use parental activity as a cue for locating nests, and as a result daily nest survival may decline from incubation to fledging as parents make more trips to the nest to provide food for their young (Skutch 1949 , Martin et al. 2000 . However, the effect of parental activity may be confounded by nest-site quality, such that poorly-concealed nests are depredated quickly yielding an apparently inverse relationship between nest age and daily survival Roper 1988, Martin et al. 2000) . We considered only a linear effect of age, as preliminary models with more complex functions did not converge.
Temporal variation within season. Most birds in seasonal environments exhibit a seasonal decline in reproductive success (Nilsson 1989 , Hochachka 1990 ), so we also included a linear time trend in daily nest survival in our model set.
Clutch size. Clutch size, like nest age, may be related to nest survival rate in two opposing ways. First, nests with more young may incur increased rates of predation because larger broods are more conspicuous to predators (Skutch 1949 , Lima 1987 , Martin 1992b . Alternatively, if intraspecific variation in clutch size reflects variation in female condition or quality, with birds in poor condition or of low quality laying fewer eggs Lifjeld 1988, Price and Liou 1989) , then daily nest survival may increase with clutch size. This effect could arise, for instance, due to a correlation between clutch size and nest-site selection: less experienced females, females in poor condition, or females of low quality may produce small clutches and choose inappropriate nest sites that are at greater risk of detection by predators.
We evaluated a candidate set of 15 a priori models, based on combinations of the above variables, that we believed could reasonably explain variation in nest survival. Using the output from PROC GENMOD, we evaluated the degree of support for each model using Akaike's Information Criterion (AIC; Akaike 1973 ). The best model was selected by judging the degree of support as measured by AIC c (AIC corrected for small sample size; Burnham and Anderson 1998) and normalized Akaike weights. Models with ⌬AIC c Յ 2 were considered to have substantial support whereas models with ⌬AIC c Ն 4 were considered to have little to no empirical support (Burnham and Anderson 2001) . Goodness-of-fit of the global model was evaluated using the decile method of Hosmer and Lemeshow (1989) .
We interpreted the strength of each variable by using odds ratios calculated from model-averaged coefficients and 95% confidence intervals based on unconditional standard errors (Burnham and Anderson 1998). Using model-averaged estimates allowed us to incorporate modelselection uncertainty and provided a more robust indication of the effect of each variable on daily nest survival (Anderson et al. 2000) . We chose to use odds ratios to examine the strength of each variable because they are widely used in logistic regression and are a useful measure of the size of an effect. Nonetheless, the interpretation of odds ratios is not always intuitive. Odds are not synonymous with probability or risk, although they are often interpreted as such (Davies et al. 1998) . The odds of nest failure, for example, are calculated as the number of nests that fail divided by the number of nests that survive; on the other hand, the probability of nest failure is calculated as the number of nests that fail divided by the total number of nests under observation. This subtle difference has important implications for interpretation. Suppose that a one-unit change in a predictor variable increases the probability of nest failure from 50% to 66%. Although the probability has not doubled (ϩ16%), the odds ratio of nest failure (ratio of number failed to number survived) has increased from 1 to 2. Thus, it is critical to note the difference between the odds of an event and the likelihood or probability of the event. Percentage change in the odds of nest survival for each one-unit change in an independent variable was calculated by subtracting 1 from the odds ratio and multiplying this value by 100. Except where noted, we do not interpret odds ratios with confidence intervals overlapping one.
Nestling growth rates for each trait were analyzed by using non-linear regression to fit a logistic growth curve to the entire data set. Differences in growth between habitats were examined by comparing residuals from the nonlinear regression using ANOVA (Ricklefs 1983 ). To avoid artificially inflating error degrees of freedom, residuals from the growth curve were first pooled among nestlings within a nest, then among nests within a plot, and finally among plots within a habitat. Basing the analysis on residuals allowed us to include all measured individuals in the analysis; had we attempted to estimate growth parameters for each individual or nest we would have been forced to exclude a large number of samples.
Values are presented as means with 95% upper and lower confidence limits and we used ␣ ϭ 0.05 as the level of statistical significance.
RESULTS

VEGETATION DIFFERENCES BETWEEN HABITATS
Native and exotic plots were similar in the percentage of ground covered by living vegetation (native: 49%, CL ϭ 45%, 53%; exotic: 49%, CL ϭ 46%, 53%). Exotic plots had a greater mean percentage of ground covered by standing dead vegetation (native: 39%, CL ϭ 36%, 41%; exotic: 47%, CL ϭ 43%, 52%) and had less bare ground (native: 14%, CL ϭ 10%, 17%; exotic: 4%, CL ϭ 2%, 5%). Native and exotic plots also differed in plant species composition. As expected, crested wheatgrass dominated plots in the exotic habitat with a mean cover of 99% (CL ϭ 98%, 100%). Fringed sagewort (Artemesia frigida) was the only other species recorded at more than one point, and accounted for 1% cover (CL ϭ 0%, 2%) in the exotic habitat. In contrast, plots in the native habitat were dominated by a mix of species including: porcupinegrass (Stipa spp.; 38%, CL ϭ 34%, 42%), junegrass (Koeleria cristata; 20%, CL ϭ 17%, 23%), clubmoss (Selaginella sp.; 10%, CL ϭ 5%, 15%), western wheatgrass (Agropyron smithii; 10%, CL ϭ 8%, 12%), blue grama (Bouteloua gracilis; 6%, CL ϭ 5%, 7%), fringed sagewort (5%, CL ϭ 3%, 7%), and sedge (Carex spp.; 4%, CL ϭ 1%, 7%).
SETTLEMENT PATTERNS
In 2002, the number of territorial male longspurs observed on our study plots increased between 24 April and 12 May. Settlement patterns did not differ between habitats (Fig. 2) .
NESTING DENSITY AND REPRODUCTIVE SUCCESS
During the course of the study, we located and monitored 301 longspur nests; 167 on native plots and 134 on exotic plots. Considering only first nesting attempts (initiated before 1 June of each year), the densities of nesting pairs in native and exotic habitat were 1.8 pairs per ha (CL ϭ 1.7, 1.9) and 1.2 pairs per ha (CL ϭ 0.6, 1.8), respectively.
The phenology of nesting was similar in both habitats (Fig. 1) . Considering only nests in which clutch size was known with certainty, the mean clutch size in both habitats was 4.0 eggs (native, CL ϭ 3.8, 4.1, n ϭ 116; exotic, CL ϭ 3.8, 4.1, n ϭ 98), and the modal clutch size was 4 eggs. Apparent nesting success was higher in the native habitat (Table 1) , and predation was by far the most significant cause of nest failure in both habitats.
Our global model of nest survival fit the data well ( 2 ϭ 3.3, P ϭ 0.92). Only two of the models in our candidate set received substantial support ( Table 2 ). The best-fitting model contained all variables except for nest initiation date; the next best model, the global model, provided a marginally better fit due to the inclusion of an effect of nest initiation date but had a similar AIC c value due to the penalty for the additional parameter ( Table 2 ). The Akaike weights strongly suggest (summed weights ϭ 0.96) that one of these two models is indeed the best model for the data. The weight of support for the best fitting model is strong relative to the global model. Ultimately, selecting between the two top models is relatively unimportant as they produce nearly identical parameter estimates (all ␤ from the two models are within 0.002 of one another). Nonetheless, for the purpose of estimating daily nest survival, we accepted S habitatϩyearϩclutch sizeϩnest age as the best-fitting model because it had the lowest AIC c value, it received strong support from Akaike weights, and it was more parsimonious in excluding the relatively weak and variable effect of nest initiation date. However, we acknowledge model-selection uncertainty in our parameter estimates. Solving this equation by incorporating values for the selected covariates reveals decreased daily nest survival in the exotic habitat, increased daily nest survival in nests with larger clutches, and decreased daily nest survival as the nest aged ( Fig. 3 ; the effect of year was negligible and ignored for purposes of this figure) .
Although the estimates of ␤ and associated standard errors reveal the relative strength and direction of each effect, converting these values to odds ratios and 95% confidence intervals allows additional interpretation regarding the size of effects. Clutch size had the strongest effect on nest success, with each additional egg producing a 30% increase in the odds of a nest surviving a given day (odds ratio ϭ 1.3, CL ϭ 1.1, 1.6). The odds of daily survival decreased 4% per day over the course of the nesting period (odds ratio ϭ 0.96, CL ϭ 0.95, 0.97). Finally, the odds of daily nest survival were 17% greater in native habitat than in exotic habitat (odds ratio ϭ 0.83, CL ϭ 0.72, 0.96). The odds of a year effect or an effect of date of nest initiation did not differ from that expected by random chance alone.
The average number of young fledged per nest was significantly lower in the exotic habitat (native: 1.6 young per nest; exotic ϭ 1.0 young per nest; CL of the difference ϭ 0.08, 0.89) as a consequence of higher nest predation and decreased likelihood of successful nesting. This difference is not a result of differences in clutch size or in the extent of partial nest losses: the average number of young fledged from a successful nest was similar in both habitats (native: 2.2 young, CL ϭ 1.5, 2.9; exotic: 2.4 young, CL ϭ 1.2, 3.6). 
NESTLING GROWTH RATE
The logistic curve described nestling growth accurately (mass, r 2 ϭ 0.85; tarsus, r 2 ϭ 0.81; primaries, r 2 ϭ 0.89; all P Ͻ 0.001). Nestling longspurs gained mass at a similar rate in 2001 and 2002 (P ϭ 0.57 for year effect on mass gain), and therefore data were pooled among years for subsequent analyses. Nestlings in the exotic habitat gained mass at a slower rate (F 1,5 ϭ 12.7, P ϭ 0.02; Fig. 4 ) and fledged at a smaller mass (native: 14.2 g, CL ϭ 13.4, 14.9; exotic: 12.9 g, CL ϭ 11.9, 13.9; F 1,5 ϭ 9.1, P ϭ 0.03). In addition, nestlings in the exotic habitat took one day longer to fledge (native: 8.7 days, CL ϭ 8.0, 9.4; exotic: 9.8 days, CL ϭ 9.1, 10.6; F 1,9 ϭ 6.0, P ϭ 0.03). Growth rates of tarsi (F 1,5 ϭ 0.3, P ϭ 0.58) and the outermost primary feather (F 1,5 ϭ 1.1, P ϭ 0.35) were similar in both habitats.
DISCUSSION
Conservation of grassland bird populations depends upon the identification of habitat conditions that promote successful reproduction and survival, but such data are largely lacking. Many studies have addressed the effects of habitat fragmentation on grassland bird populations (Johnson and Temple 1990 , Herkert 1994 , Winter and Faaborg 1999 , Winter et al. 2000 , Herkert et al. 2003 , but far fewer have examined how changes in the structure or composition of vegetation within a patch influence habitat quality. Land managers cannot readily control the spatial arrangement of habitat patches within a landscape, but they can, to some extent, control conditions within habitat patches. Thus, estimation of habitat-specific demographic rates is of great importance not only in understanding the causes of population declines in grassland birds, but also in facilitating action to reverse them.
In this study, we showed that reproductive success of Chestnut-collared Longspurs was lower in monocultures of crested wheatgrass, a species introduced from Asia, than in native prairie. First, odds of a nest in native prairie surviving a given day were approximately 17% higher than in the exotic habitat, due primarily to differences between habitats in the intensity of nest predation. As a result of lower predation in the native habitat, the average number of young produced per nest was significantly higher in native prairie. Second, we also found that nestling longspurs in the exotic habitat gained mass more slowly and reached a smaller final mass than did nestlings in the native habitat. Retarded growth rate also led to longer nestling periods in the exotic habitat. Habitat-specific growth rates generally reflect differences in environmental quality (Quinney et al. 1986, McCarty and Winkler 1999) and the variation in growth that we observed may have important implications for offspring fitness. Not only does slow growth extend the period of vulnerability to nest predators, as we have shown, but the smaller mass achieved by nestlings in the exotic habitat may reduce future survival (Perrins 1965 , Garnett 1981 , Davies 1986 , Magrath 1991 . Mass at fledging for longspurs in the native habitat was approximately 9% greater than in the exotic habitat; in studies of other songbirds, differences of this magnitude produced a nearly two-fold change in apparent survival (Magrath 1991) and recruitment rate (GebhardtHenrich and Richner 1998).
Despite achieving lower reproductive success in the exotic habitat, we found no evidence that longspurs preferred to nest in the native habitat. They nested at similar densities in both habitats, and individuals did not appear to differentiate between the two habitats when establishing breeding territories in the spring. Birds can use a variety of cues when selecting breeding habitat (Hilden 1965 , Boulinier et al. 1996 , Forsman et al. 1998 ) but may often rely on vegetation conditions at the time of settling to predict habitat quality (Badyaev 1995) . Although fields of crested wheatgrass differ from patches of native prairie in a number of ways, the two habitats are broadly similar in structure and appearance, thus differentiating exotic from native habitat may be difficult for settling individuals. Furthermore, crested wheatgrass begins growing earlier in the year than most of the native grasses, and the new, green growth may be attractive to longspurs prospecting for a nesting site (Schmidt and Whelan 1999, Remes 2003) Nest age and clutch size influenced daily nest survival rate and nesting success independently of habitat. The odds of daily survival declined 4% per day, which may be a result of the increased conspicuousness of nests containing nestlings, either due to properties of the nestlings themselves (e.g., begging calls that attract predators; Briskie et al. 1999) or due to the increased activity as parents visit the nest to provide food (Martin et al. 2000) .
Clutch size had the strongest effect on nest success: each additional egg produced a 31% increase in the odds that a nest survived a given day. Thus, the odds of daily survival for a clutch of five eggs were approximately 71% greater than for a clutch of three eggs. Initially, we included clutch size as a means to examine the importance of individual heterogeneity for nest survival rates, as many studies have shown that clutch size reflects the quality or condition of females (Silverin 1981 , Askenmo 1982 , Martin 1987 , Slagsvold and Lifjeld 1990 , Schluter and Gustafsson 1993 , Bolton et al. 1993 . Individual condition or quality might influence predation risk if low quality females made poor decisions about where to place nests. Indeed, our results, which show a strong, positive effect of clutch size on daily nest survival, suggest that female condition, as measured by clutch size, is somehow connected to predation risk. Clutch size was not directly linked to predation risk. The positive effect of clutch size is not confounded with the difference between habitats in the likelihood of nest success; clutch size was the same in both habitats. The results of including clutch size as a variable clearly demonstrate the importance of considering individual heterogeneity in studies of nesting success.
Our results have important implications for the conservation of grassland birds. First, they show that changes to the structure and species composition of vegetation within patches of breeding habitat can affect the reproductive success of grassland birds. The effects of habitat loss and fragmentation on the distribution, abundance, and reproductive success of grassland birds are well described; based on the results presented here and elsewhere (Dobkin 1994 , Knick et al. 2003 , degradation of breeding habitat also appears to play a significant role in the widespread decline of grassland bird popula-tions. Second, they add to the growing body of evidence that the introduction and spread of exotic plants can have adverse fitness consequences for native animals (Schmidt and Whelan 1999, Remes 2003) , and suggest that the planting of exotic grasses, such as for forage production or erosion control (Byers 2004 ) is likely to have negative effects on grassland bird populations. Finally, longspurs did not appear to differentiate between native and exotic habitats, despite achieving low reproductive success in the exotic habitat. Thus, future conservation efforts should emphasize the restoration, maintenance, and protection of native prairie. Across parts of North America extensive tracts of native prairie are nonexistent and the only habitats for grassland birds in these areas are old agricultural fields converted to perennial grassland under the Conservation Reserve Program. Traditionally, most of the acreage in the Conservation Reserve Program was planted to exotic species, such as crested wheatgrass, but our results suggest that the Conservation Reserve Program will be of greater benefit in creating high-quality habitat for wildlife if native grasses are emphasized in plantings. Although we have much to learn about the causes of reduced reproductive success in exotic habitats, conservation efforts targeted at grassland birds must begin to consider not only the amount and arrangement of habitat at the landscape scale, but also the conditions within habitat patches.
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